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(54) Plasma doping system and plasma doping method 



(57) Thei present invention relates to a plasma dop- 
ing system capable of dealing with larger-diameter wa- 
fers and of introducing impurities to a shallow depth with 
a. lower energy level. The plasma dopirig system com- 
prises a plasrna generation chamber (11) provided with 
a high-frequency power source (14) for supplying a 
high-frequency electric power and with antennas (12) 
for discharging the high-frequency electric power, the . " 
plasma generation chamber (11) generating a helicon 
plasma of a gas containing conduction type imparting 
impurities by. the high-frequency electric powisr dis- 
charged from the antennas (1 2), an impurity introduction . 
chamber (19) provided with a substrate holding fixture 
(20) and for causing the helicon plasma of the conduc- 
tion type impurity containing gas to come into contact 
with a semiconductor substrate (iOO) to thereby intro- 
duce the conduction type impurities into the semicon- 
ductor substrate (100), and a plasma flow passage/ 
shaping chamber (16) interposed bi3tween the plasma 
generation chamber (11) and the impurity introduction 
chamber (19) and providing a flow passage through . 
which the helicon plasma flows from the plasma gener- 
ation chamber (11) to the impurity introduction chamber 
(19), the plasma flow passage/shaping charriber (16) 
being provided with magnetic field generation means 
(1 7) for generating a magnetic field to restrict the extent . 
of the helicon plasma flowing through the flow passage. 
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Description 

BACKGROUND OF THE INVENHION 

1. Field of the Invention s 

i '■ ■ . - 

[0001 ] The present irivention relates to a plasma dop-. 
ing system and a plasma doping method, capable of 
deahng with larger-diameter wafelrs and of introducing 
impurities to a shallow depth with ia lower energy level. io 

2. Description of the Related Art 



[0002] In recent fabrication of ultra-high density sem- 
iconductor IC devices, one of ess sntial techniques de- 
. termining main characteristics of transistors or other 
components is an impurity introduction technique for in- 
troducing conduction type imparting impurities (herein- 
after, may be referred to simply as impurities) into sem- 
iconductor substrates. It is indisperjsable for the impurity 
introduction technique to provide 'k high accuracy con- 
trol, of the dose of impurities or to f 3rm high density and 
very shallow impurity introduction legions. Note that the 
conduction type imparting impuritiies when introduced 
into a semiconductor layer serve to impart a conduction 
type of p-type or n-type to this sejniconductor layer in 
the introduction region as vyell as tb vary the resistance 
value of the introduction region. 
[0003] Conventional impurity intrjoduction methods in- 
clude a thermal diffusion method ^nd an ion implanta- 
tion method. Due to its accurate controllability of .dos^ 
age, the ion implantation method i^ in particular advan- 
tageous to. e.g.; the threshold vilue control of MOS 
FETs (Metal-Qxide-Semiconductdr field effect transis- 
tors). 

[0004] In the field of the impurity introduction method • 
for forming high density and extrerjiely shallow impurity 
introduction regions, particular attention is. recently be- 
ing given to a plasma doping methpd in place of the ther- 
mal diffusion method and the ion implantation method 
since it is suitable for the application to large diameter 
wafers. 

[0005] The plasma doping method ensures a high 
throughput for the large diameter Urafers as well and al- 
lows introduction of impurities witlj) a low energy level, 
e.g., at room temperature. 

[0006] Plasma doping systems for effecting such a 
plasma doping method are knowni from Japanese Pat- 
ent Laid-open Pub. Nos. Hei 2-2|8720. Hei 5-16656, 
Hei 6-61161, etc. 

[0007] Japanese Patent Laid-<j>pen Pub. No. Her 
5-16656 discloses an apparatus iih which impurity gas 
plasma is generated between a pair of parallel plate 
electrodes to thereby perform the Introduction of impu- 
rities. Japanese Patent Laid-opjen Pub. Nos. Hei 
2-278720 and Hei 6-61161 discjose apparatuses in 
which impurity gas plasma is generated by.ECR (Elec- 
tron Cyclotron Resonance) method to thereby effect the 



15 



2a 



25 



3d 



35 



40 



45 



56 



55 



introduction of impurities. 

[0008] . A plasma doping method using an ECIR^F 
plasma source is also disclosed in Semiconductor Inte^ 
grated Circuit Technology 52th Symposium Transac- 
tion, pp. 1.65 to. 170, June 1997. . 
[0009] In the method of this transaction, an He based 
B2H6 (diborane) gas js transformed into plasnha for the 
introduction of boron into silicon substrates, after which 
RTA (Rapid Thermal Annealing) is carried out to form p- 
. type diffusion regions having a surface density of ap- 
prox. 1 X 1021 cm-3 and a depth of 50 nm. 
[0010] In case of selective Introduction of impurities 
into the silicon substrate by use of the plasma doping 
method, it is necessary to form a resist film having open- 
ings corresponding to the impurity introduction regions 
so as to allow the impurities to be introduced thrpugli 
the openings of the resist film into the silicon substrate, 
and to thereafter remove the resist film previous to an- 
nealing for the activation of the impurities. 
[0011] With the increasing vyafer. diameters, however, 
the conventional plasma doping apparatus using ECR 
rnethod has. to be provided with an enlarged plasma 
generation chamber and impurity introduction chamber 
and have an enhanced power supply ability. For this rea- 
son, the overall dimensions are increased of the systetn 
including the ECR plasma source, f.e... a wave guide for 
micro waves, electromagnets and a matching unit, re- 
sulting, in an increased floor area required for the place- 
. ment of the plasma doping system itself. 
[0012] In view of the system as a whole required for 
the introduction of impurities, there is a need for an ash- 
ing apparatus to rerhove thie resist fiJm acting as a mask 
and for an annealer, which will necessitate a further in- 
creased floor area for the placement of the system. 

SUMMARY OF THE INVENTION 

[001 3] It is therefore the object of the present inven- 
tion to provide a plasnna doping, system and a plasma 
doping method using the system, capable of reducing 
the floor areas required for the placement of the plasma 
doping system itself or for the placement of a plurality 
of apparatuses for a series of process steps attendant 
on the plasma doping. 

[0014] A plasma doping system of the priBsent inven- 
tion Is provided with a high-frequency power source for 
generating a helicon plasma of a gas containing con- 
duction type impurities and antennas for discharging the 
high-frequency electric power. 

[0015] By the way, In the event of larger wafer diam- 
eters, it is necessary for a plasma doping system using 
ECR method for the generation of plasma to have a 
power source providing as very high a frequency as 2.45 
GHz or to enlarge the matching unit or the wave guides. 
In addition, the electromagnets for generating ECR 
must also be increased in size. " 
[001 6] On the contrary, the system of the present in- 
vention is allowed to use a lower frequency as of 1 3.56 
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MHz for the high-frequency power source, thereby elirn- 
inating the need to increase the siz6 of the.high-f requen- 
cy power source to a large extent. Due. to the simple 
structure, the antennas need not be riiuch enlarged ei-. 
ther. In view of its applications, cbmpact ones such as 
permanent magnets can be used.ais the magnetic field 
generation means disposed In the plasma flow passage/ 
shaping chamber providing the plasma flow passage, 
thereby enabling the increase in size to be suppressed. 
[0017] It is therefore possible for the doping system 
using the helicon plasma in accordance with the present 
invention to reduce the floor areas required for th6 . 
placement of the system as.compared with the conven- . 
tional doping system using.the ECR plasma. 
[0018] Furthermore, conrimunicatlohs are established 
via a single transfer chamber among the impurity intro- 
duction chamber, the ashing chamber and the annealing 
chamber of the plasma doping system, whereby a single 
system can perform a series of process steps attendant 
on the plasma doping such as introduction of conduction 
type impurities, removal of the resist mask for th© selec- 
tive introduction of the conduction type impurities and 
activation of the conduction type impurities. 
[0019] By the way, in cases where separate appara-. 
tusies are used for different steps and . Individ uafly 
placed, each apparatus requires a working space for the 
\yorkers In addition to the net floor area for the space of 
placement of each apparatus. Those? apparatuses may 
be integrated into a single system such that conveyance 
robots carry the semiconductor substrate between the 
different chambers of the systerh, thereby achieving a 
reduction in. the working space thereof. It is therefore 
possible to reduce , the floor area necessary for the 
placement of the system in its ehtirety, as compared with 
the case ot individual placertient of each apparatus. 

BRIEF . DESCRIPTION OF THE DRAWINGS 

[0020] 

Fig. 1 is a top plan view showing the configju ration 
of a plasma doping system in accordance with ah 
. embodiment of the present invention; 
Fig. 2 is a cross-sectional view taken along a line f- 
I of Fig. 1 and viewed from, the direction of the arrow; 
Fig. 3 is a cross-sectional view taken along a line 
li-ll of Fig. 1 and viewed from the direction of the 
arrow; 

Fig. 4 is a side view showing the configuration of a 
substrate holding fixture disposed in the plasma 
doping syistem in accordance with the embodiment 
of the present invention; ■ 

Fig. 5 is a top plan view showing the array of per- 
manent magnets disposed on the outer periphery 
of a plasma flow passage/shaping chamber of Fig. 

1; ■ 

Fig. 6 is a sectional view of the pilasnia flow pels- 
sage/shaping chamber of Fig. 1 , with a graphic rep- 
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resentation of a distribution in section of a magnetic 
field which Is generated within the plasrna shaping 
chamber by the pjermanent magnets disposed on 
the outer periphejry of the plasma flow passage/ 

s shaping chamber;! . 

Fig, 7 is a side vieiw schematically showing a distri- 
bution of a plasm^ existing within the plasma flow 
passage/ shaping] chamber of Fig. t;. 
Fig! 8. is a graphid representation showing a distri- 

10 butibn of a plasma existing 'within the plasma flow 
passage/ shapipgj chamber of Fig. 1; 
and 

• Figs. 9A to 9D are cross-sectional views showing a . 
plasma doping hnlethod using the plasma doping 
IS system in accordance with the embodiment of the 
present invention. 

DESCRIPTION OF THiE PREFERRED- 
EMBODIMENTS 

[0021] The present invention will now be described 
with reference to the Accompanying drawings which il-. 
lustrate preferred erhbjDdiments of the present invention 
in a non-limitative mariiner. 

[0022] Fig. 1 is a to^ plan view showing the configu- 
ration of a plasma doping system in accordance with an 
embodiment of the present invention. Fig. 2 is a cross-, 
sectional view taken along a line I -I of Fig. 1 and viewed . 
frorin the direction of it$ arrow, and Fig. 3 is a crpss^sec- 
30 tional view taken along a ling ll-ll of Fig. 1 and viewed 
from the direction of it$ arrow. 

[0023] As can be seen in Figs. 1 to 3, the plasma dop- 
ing system comprise^ a transfer chamber 101 in the 
shape of a rectangulat box having four side walls, the 
35 inner pressure of whicn can be reduced. And to each of 
four side walls are separately connected a load-lock 
chamber 102 whose i nine r pressure can be reduced, a 
plasrna doping chamber 103 whose ihrier pressure can 
be reduced, an ashing chamber (hnask removal cham- 
ber) 104 whose inner pressure can be reduced, and an 
annealing chamber 105 whose inner pressure can be. 
reduced. . . i . 

[0024] The load-lock chamber 102 provides the Inlet 
and outlet for the sennliconductor substrate 100 to and 
from the plasma doping system. The plasma doping 
chamber 103 provides a region for introducing the con- 
duction type impurities into a semiconductor layer. The. 
ashing chamber 104 Provides a. region for removing a 
mask (photosensitive Itching-proof mask) in the form of 
so a resist film. The annealing chamber 105 provides a re- 
gion for raising the temperature of the semiconductor 
substrate 100 to activate the conduction type impurities 
introduced into the serpicdnductor substrate 100. 
[0025] The entrance! to the load-lock chamber 1 02 is 
ss provided with a gate valve 29 capable of sealing the in- 
terior of the chamber 1 )2 frojm the exterior. The connec- 
tion between the trarisf 9r chamber 1 01 and the load-lock 
chamber 1 02 is provided with a gate valve 30a, a sub- 
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strate conveyance path 31 and a jgate valve. 30b inter- 
vening between the load-lock ciTamber 102 and the 
transfer chamber 101, The other (tonnectiohs betweerv. " 
the transfer chamber 101 and th^ chambers 103. 104 
and 105 are merely provided with jgate valves 30c, 30d 
and 30e, respectively. The openindor closing of the gate 
valves 30a to 30e enables the chambers 101 to 105 to 
communicate with one another qr to be hermetically 
sealed from one. another. 

[0026] Exhaust devices are conhected individually to 
th« chambers 101 to 105 in ordc r to ensure that the 
chambers 101 to 105 can separ4tely reduce their re- 
spective inner pressures. Referrirlig to- Fig. .2, one ex- 
haust device 28. is only visible conpected to the plasma 
doping chamber 103. 

.[0027] The load-lock chamber 1102 provides the inlet 
when the semiconductor substrata 100 is loaded, from 
the exterior into the plasma doping system or provides 
the outlet when it is unloaded frc^m the interior of the 
plasma doping system to the extefior.. 
[0028] In case the pressure, with n the chanribers 1 01 . 
103 to 105 is lower than the atmaspheric pressure, the 
pressure within the load-lock charjnber 102 may be re- 
duced upon the loading or unloadirjg of the semiconduc- 
tor substrate 100 into or from the systenri whereby the 
. pressure within the load-lock chamber can be adjusted 
to the. pressures within the chambjers 101 , 103 to 105, 
or at least to the pressure within the transfer chamber 
.tOI. 

[0029] The ashingchamber 1 04 js a chamber in which 
the resist film is removed after the ^elective introduction 
of the conduction type. impurities inko the serniconductor 
substrate iOO through openings injthe resist film acting 
as the mask. Oxygen plasma is usjed herein as an ash- 
ing gas. Provided therefor are an pxygen gas inlet and 
means for transforming oxygen gejs into plasma. 
[0030] The annealirig chamber j1Q5 is a chamber in 
which heat treatment is performed ^oractivating.the con- 
duction type impurities introduced Into the semiconduc- 
. tor substrate 100. The annealing jchamber 105 is.pro- 
. vided with a heater for heating arjid a laser irradiation 
mechanism for a rapid thernial aniiealer (RJA). 
[0031] The plasma doping chamber ,103 as illustrated 
in Fig.. 2 comprises, in the mentioned order from up- 
stream along the flow of plasma g^s, a pliasma genera- 
tion chamber 11 , a plasma flow passage/shaping cham- 
ber 16, an impurity introduction chamber 19 and the ex- 
haust chamber 28. The plasma dcping chamber 103 is 
connected through the impurity intrjDduction chamber 1 9 
tothetransfer.chamber.101. \ ' 
[0032] Description will be made hereinbelow of a de- 
tailed configuration of each part qf the plasma doping 
chamber-103. 

[0033] The plasma generation chamber 11 is provid- 
ed with a high-frequency power supply. 14 for supplying 
■ a high-frequency electric power atj 13.56 MHz and with 
antennas 1 2 for discharging the hidh-frequency electric 
power supplied from the high-frequency power supply 



14, the chamber 11 being partitioned frorh the exterior 
by a partition wall of a bell jar type. The cylindrical por-. 
tion of the partition wall is of 95mm inner diameter. 
[0034] Between the high-frequency power supply 14 

5 and the antennas 12 there intervenes a matching circuit 
1 3 for impedance matching. The high-frequency electric 
power discharged from the antennas 1 2 serves to trans- 
form an conduction type impurity containing gas within 
the plasrna generation chamber 11 into a heljcon plas- 

10 ma. The conduction type impurity containing gas used 
herein is a gas filling the plasma generiation chamber 11 
as a result of supply thereof through gas inlets 18 of the 
plasma flow passage/shaping chamber 1 6 which will be 
described later. 

IS [0035] Theplasmaflowpassage/shapingchamber16 
is provided with the gas inlets 18 for the gas containing 
conduction type impurities (hereinafter, hnay be referred 
to simply as impurities) which irnpart a conduction type 
to the semiconductor substrate and vary the resistivity 

20 of the serniconductor substriate. Available as the con- 
duction type impurity containing gas is a diboron gas 
containing boron which imparts a conduction type of p- 
type (hereinafter, may be referred to simply as p-type) 
to silicon and varies the resistivity, or similarly a gallium 

25 hydrogen compound gas or a gallium organometallic 
compound gas. Alte.matively, there may be also used a 
phosphine gas containing phosphorus which imparts a 
conductiori type of n-type (hereinafter, may be referred 
to simply.as n-type) to silicon and varies the resistivity, 

30 . or similarly an arsenic hydrogen compound gas. or an 
arsenic organometallic compound gas. . 
[0036] The plasrna flow passage/shaping chamber 1 6 
is interposed between the plasma generation chamber 
1 1 and the impurity introduction chamber 1 9, the cham- 
ps ber16 providing a flow passage through which helicon 
plasma is fed from the plasma generation chamber 11 
into the impurity introduction charnber 19. The interior 
of the plasma flow passage/shaping chamber 1 6 is her- 
metically defined by a cylindrical partition wall having an 

40 innerdiameterofapprox. 350 mm. 
. [0037] In the meantime, high-density plasmas such 
as the helicon plasma interact strongly with the internal 
walls of the system, with the result that useful plasmas 
may somewhat be lost by the interaction. To avoid this, 

45 the partition wall of the plasma flow passage/shaping 
chamber 16 is provided at its outer periphery with per- 
manent magnets (magnetic field generation means) 17 
for generating.a cusped magnetic field to restrict the ex- 
tent of the helicon plasnria flowing through the plasma 

so flow passage/shaping chamber 16 to thereby coniptete 
its distribution form. The cusped magnetic field serves 
to suppress the extent of the helicon plasma, flowing 
through the interior of the plasma flow passage/shaping 
chamber 16 to complete its distribution form. 

ss [0038] : Referring to Fig. 2 and particularly to Fig. 5, the 
arrangement of the permanent magnets 1 7 is depicted. 
The permanent magnets 17 are arranged circumferen- 
tially along the outer periphery of the partition wall of the 
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plasma flow passage/shaping chamber 16 In such a 
manner that N-poles and SiDoles alternate. Eight cir- 
cumferential arrays each consisting of such a series of 
permanent magriets along the periphery are arranged 
one upon another in the height direction. 
[0039] As illustrated in Fig; 5, magnetic fields are gen- 
erated principally between the adjacent permanent 
magnets 17 and become prevailing in the interior of the 
plasma flow passage/shaping chamber 16. Adjustment 
may be made of the magnetic field strength of each per- 
manent magnet 17 and of the interval between the- ad- " 
jacent N-p6les and S-poles so as to be able to delimit . 
the space in which plasma is present depending on the 
diameter of the semiconductor substrate 100. 
[0040] Fig. 6 illustrates a distribution of the magnetic 
field strength measured in the radial direction from the 
inner wall surface of the partition wall of the plasma flow 
passage/shaping chamber 16 toward the center of the 
plasma flow passage/shaping chaniber 16. In Fig. 6, the 
axis of abscissas represents the distance r (mm) from 
the partition wall toward the center, and the axis of ordi- . 
nates represents the strength of magnetic field (gauss). 
[0041] As can be seen in the gr]aph!c representation, 
the strength of magnetic field becomes substantially null 
at locations approx. 60 mm or farther apart from the in- 
ner wall surface of the partition wall. Thus, the helicon 
plasma passing through the plasma flow passage/shap- 
ing chamber 1 6 is present or confined mainly within the 
diameter of 230 mm and Is prevented from spreading . 
outward therefrom. It is thus possible to prevent any 
possible dispersion of plasma to achieve an enhanced 
uniformity in. the distribution of plaisma density, as well 
as to prevent any possible! loss of plasma withiri the plas- 
ma flow passage/shaping chamber 1 6 arid within the im- 
purity introduction chamber 1 9 to improve the efficiency: 
[0042] Fig. 7 is a diagram schematically showing the 
distribution of plasma density within the plasmg flow 
passage/shaping chamber 16 under such a cusped 
magnetic field. Fig. 8 is a graphic representation show- 
ing the result of measurement of the distribution of plas- 
ma passing through the interiorof the chamber 16 under 
the cusped magnetic field. In; Fig. 8. the axis of abscis- 
sas represents the position (cm) within the chamber 16 
and the axis of ordinates represents the ion saturation 
current density (mA/cm^). 

[0043] Plasma is generated in the condition that Ar 
gas pressure is 3 mTorr with the plasma generation pow- 
er of 2 kW. The ion saturation current density was meas- • 
ured by use of a fast probe 33 manufactured. by PMT 
(Plasma & Materials Incorporation) and disposed on the 
outside of the partition wall of the plasma flow passage/ 
shaping chamber 16 as shown in Fig. 7. The result of 
measurement, of Fig. 8 shows a highly improved uni- 
fdmnity in the. plasma distribution. 
[0044] Furthermore; in the plasma flow, passage/ 
shaping chamber 16, a diborane or other gas may pos- 
sibly adhere to the inner wall. surfaces of the partition, 
wall,, which would require a cumbersome periodical 
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cleaning of the inner vli/all surfaces of the partition wall. 
To avoid this, a quartz! made protection wall 16a Is pro- 
vided along the inner |vall surfaces of the partition wall. 
Thus, the conduction t^pe impurities in plasma state will • 
adhere to this protection wall 1 6a. so that the conduction 
type impuritieis are prevented from directly adhering on 
the inner wall surface]5 of the. partition wall. The inner 
surfaces of the protection wall 16a are abraded down to 
a surface.roughness ojf the order of 1 0p. m to provide as 
small a wall surface ai possible in order to prevent any 
adhesion of metal conjtamlnant or degassing. 
[0045] Then, the imfaurity introduction chamber 19 is 
partitioned from the e|<terior by a tubular partition wall 
having, the same innejr diameter as that of the plasma 
flow passage/shaping jchamber 1 6, the chamber 1 9 be- 
ing provided with a substrate holding fixture 20 for re- 
taining the semicondujctor substrate 100: The exhaust 
device 28 is connecte(fi via a throttle valve 27 to the im- 
purity introduction chajnber 1 9. This exhaust device 28 
serves to reduce the pjressure not only within the impu- 
rity introduction chaml|)er 19 but also within the plasma 
flow passage/shaping bhamber 1 6 and the plasma gen- 
eration chamber 11. This chamber 19 allows helicon 
plasma of the conduction type impurity containing gas 
to come into contact vj/ith the semiconductor substrate 
1 GO. to thereby introduce the conduction type impurities 
into the semiconductor substrate 1 GO. 
[0046] Unlike, the iplasma flow passage/shaping, 
chamber 16i no magnets are disposed around the outer 
periphery of the partition wall of the impurity introduction 
chamber 1 9. A withdrawal port 21 a is also prpvided for 
vyithdrawingthe substrjate holding fixture 20 from the inn-, 
purity introduction chatnber 1 9 for the purpose of clean- 
ing or the like. The dralw-out port 21a is usually hermet- 
ically sealed by a sealijig door 21 . This draw-out port 21 
is utilized to connect ap electric power supply wiring 24 
from a bias power supply part 23 through the interior of 
a retaining arm 25 of tfie substrate holding fixture 20 to 
a bias applying electroide of the substrate holding fixture 
.20. 

[0047] On the* other] hand, the impurity introduction 
chamber 19 is also provided with a quartz ma.de protec- 
X\of\ wall 19a for covering the inner wall surfaces of the 
partition wall in the s^me manner as the plasma flow 
passage/shaping charjiber 16. An impurity gas in plas- 
ma state adheres to tlpe protection wall 19a to thereby 
previBnt any: adhesion of the impurity gas to the inner 
wall surfaces of the partition wall. Similarly, the inner wall 
surfaces of the protect on wall 1 9a are abraded down to 
a surface roughness of the order of 10|j. m in order to 
prevent any adhesion |of metal contaminants or.degas^ 
sing. ' 

[0048] The upper anjd lower protection walls 1 6a and 
1 9a may be dismounted in order to remove any impuri- 
ties adhered to the upper protection wall 1 6a of the plas- 
ma flow passage/shaiing chamber 16 or to the lower 
protection wall 19a of tpe impurity introduction chamber 
1 9, after doping to thelsemiconductor substrate 100 by 
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use of the plasma doping systern described above. In 
such a case, the lower protection jvail 19a is.first drawn 
out ot the impurity introduction ch^ber 19 in the lateral 
direction, and thereafter the upp^r protection wall 16a 
is pulled down to the Impurity ihtr|xluction chamber 19 
and then similarly drawn out of thej Impurity introduction 
chamber 19 in the lateral direction. 
[0049] . Referring then to Fig. 4, ^ detail structure is il- 
lustrated of the substrate holding liixture 20 provided on 
the irnpurity introduction chamberp9. 
[0050] The substrate holding fixture 20 has the outer- 
most part fonmed from an insulator 46 of alumina. . An 
electrode 43 for electrostatic suction, is embedded so 
that the semiconductor substrate jOO is electrostatically . 
retained by electrostatic chuck. A fieater Is provided for 
use as heating means (temperatutre regulation means) 
45. at the lower portion of the ele< strode 43 for electro- 
static suction. At the bottom of the lelectrode 43 for elec- 
trostatic suction there is provided a! piping through which 
a coolant such as, e.g., helium gai^ flows, the piping be- 
ing used as cooling means (terjnperature regulation 
means) 42. f=lef erence numeral 44 denotes an electrode 
for grounding. . 

[0051] In case the semiconductjor substrate 100 has 
a formed thereon resist film acting as a mask for selec- 
tive introduction of conduction typ^ impurities, the sem- 
iconductor substrate 1 00 is cooled Iby the cooling means 
42 in order to prevent any. change \n quality of the resist 
film when the temperature of thej semiconductor sub- 
strate 100 rises as a result of exfjosure to plasma. In- 
stead, in case no resist film is used, the semiconductor 
substrate 100 nnay be heated by tpe heating' hneans 45 
when the semiconductor substrata 100 and the plasma 
are in contact with each other, toj thereby activate the 
impurities simultaneously with the (ntroduction of the im- 
purities. 

[0052] The substrate holding fixture 20 is further pro- 
vided with a built-in bias applying electrode 41 coupled 
to an AC power source 26 for supplying AC power.at 
approx. 100 kHz as shown in Fig. 2l The DC or AC power 
is.fed in a continuous or intermitter|t (pulseTlike) manner 
to apply a bias voltage to the senrjiconductor substrate . 
100. This gives rise to a potential ..difference between 
the plasma and the semiconductor substrate 100 
whereupon Impurity ions can be apcelerated by the re- 
sultant electric field sdas to be intipduced into the sem^ 
iconductor substrate 100. As a result, a wider range is 
imparted to this regulation of the dipth of introduction of 
the impurities. In Fig 2, reference numeral 23 denotes 
the bias power supply part, with. tfie output end of the 
AC povyer source 26 being connected on one hand via 
a low-pass filter 61 to a voltage rineasurement device 
62. The output end of the AC power source 26 is con- 
nected on the other by the wiring 24 to the electrode 4t 
of the substrate holding fixture 20J 
[0053] Although the AC power iource 26 is used as 
the bias power supply source in (fig. 2,- the AC power 
source 26 may be replaced by a &C power source for 



supplying DC power. In such a case, the voltage meas- 
urement device 62 may directly be connected to the out- 
put end of the Ac power source 26, with the omission 
of the capacitor and the low-pass filter 61 coupled to the 

s output end of the AC power source 26. 

[0054] Furthermore, the substrate holding. fixture 20 
. niay be secured to a rotary shaft perpendicular to the 
substrate retaining surface so. that it can rotate around 
the shaft.. This will contribute to an improved uniformity 

10 of distribution of the impurities Introduced. 

[0055] Description will then be made of a method of 
selectively introducing impurities into the seniiconductor 
substrate 100 by use of the above plasma doping sys- 
tem. Figs. 9A to 9D are cross-sectional views illustrated 

IS In the process sequence. 

[0056] First, as shown in Fig. 9A, a.resist film (photo- 
sensitive etching-proof film) 51 having openings 52 is 
formed on the surface of an n-type silicon semiconduc- 
tor substrate 100. The openings 52 are fomned In re- 

20 gions into/which Impurities are to be introduced. After 
loading of this semiconductor substrate 100 Into the 
toad-lock chamber 1 02, reduced pressures are given to 
the interiors of the transfer chamber 101, toad-lock 
chamber 102, Impurity introduction chamber 19, ashing 

25 chamber 104 and annealing chamber 105. After a pre- 
determined pressure has been reached, the semicon- 
ductor substrate 100 is conveyed from, the loadrlock 
chamber 1 02 to the interior of the transfer chamber 1 01 . 
[0057] The semiconductor substrate 100 is then con- 
so yeyed f rorp the interior of the transfer chamber 1.01 into 
the impurity introduction chamber 19. Subsequently, an 
conduction type impurity containing gas, e.g., dlborane 
gas containing boron* for imparting p-type conductivity 
to the silicon layer is fed through the gas inlets. 18 of the 

35 plasma flow passage/shaping chamber 1 6 intp the plas- 
ma generation chamber 11. A high-frequency power Is 
. then supplied from the high-frequency power source 1 4 
and Is discharged from the antennas 12. This transforms 
tlie conduction type impurity containing gas into plasma, 

-^0 allowing a generation of helicon plasma having a plas- 
ma density of 1 0^ ^ to 1 qi 9 cm-^ 

[005iB] The helicon plasma then flows toward the 
downstream Impurity introduction chamber 19. At that 
time, within the plasma flow passage/shaping chamber 
16 there is generated a cusped magnetic field, which 
i^estrains the helicon plasnia from diffusing toward its pe- 
ripheral portions, allowing the helicon plasma to flow 
along the longitudinal axis of the plasma flow passage/ 
shaping chamber 16. .Thus, due to the suppression of 
so extinction of plasma Impinging on the innisr wall surfaces 
of the partition wall, the loss of plasma In motion be- 
comes extremely reduced. 

[0059] -Then, as shown in Fig. 9B, .the plasma of the 
conduction type impurities comes into contact with the 
55 semiconductor substrate 100 placed within the impurity, 
introduction chamber 1 9 so that the conduction type im- 
purities are introduced into the semiconductor substrate 
1 00 to form impurity Introduction regions 53 therein. De- 
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pending on the cases, the depth of introduction or the 
like may be regulated by previously applying a bias to 
the substrate holding fixture 20 by use of the AC power 
source 26 or the DC power source. 
[0060] The semiconductor substrate 1 00 is then with- 
drawn from the impurity introduction chamber 1 9 and is 
conveyed to the transfer chamber 101 prior to convey- 
ance to the interior of the ashing chamber 1 04. 
[0061] Oxygen, gas is then led into the ashing cham- 
ber 1 04 for being transfomned into plasma. The resultant 
oxygen plasma comes into contact with the resist film 
51 to chemically etch the latter. After the complete re- . 
moval of the resist film 51 , the semiconductor substrate 
100 is withdrawn from the asliing chamber 104 and is 
conveyed to the annealing chamber 1 05, 
[0062] The semiconductor substrate 1 00 is then heat- 
ed for ten sec. at 950** C in an atmosphere of nitrogen, 
to activate the conduction type impurities which are 
present within the semiconductor substrate 100. p-type 
regions 53a are thereby formed to complete a series of 
steps related to the plasma doping. 
[0063] The semiconductor substrate 1 00 is thereafter 
withdrawn from the anndaling chamber 105 and is con- 
veyed to the interior of the transfer chamber 101 , which 
in turn is followed by the conveyance from the transfer 
chamber 10T to the interior of the load-lock chamber 
102. 

[0064] Aftenward, the pressure within the load-lock 
chamber 102 is returned to the atmospheric pressure, 
and then the semiconductpr substrate 1 00 is unloaded 
from the load-lock chamber 1 02.' 
[0065] According to the plasma doping system of the 
embodiment of the present ihventfon as set forth here- 
inabove, even when the semiconductor substrate (wa- 
fer) has ah enlarged diameter, there is no need for too 
a large-sized high-frequency power source 14 due to its 
low frequency as of 1 3.56 MHz. A simple structure of 
the antennas 12 will also eliminate a need for the anten- 
nas to have even larger dimensions. In view of its appli- 
cations, compact ones such as permanent magnets 1 7 
can be used as the magnetic field generation means 17 
disposed on the plasma flow passage within the plasma 
flow passage/shaping chamber 1 6, thereby enabling the 
increase in size to be suppressed; 
[0066] It is therefore possible for the doping systern 
using the helicon plasma in accordance with the present 
invention to reduce the floor areas, required for the 
placement of the system as compared with the conven- 
tional doping system using the ECR plasma. 
[0067] Furthermore; corhmunications aria established 
via a single transfer chamber 101 among the impurity 
. introduction chamber 1 9 of the plasma doping part 103, 
the ashing chamber 104. and the annealing chamber 
105. whereby a single system can perform a series of 
process steps related to the plasma doping such as in- 
troduction of conduction type impurities, removal of the 
resist mask for the se recti ve introduction of the conduc- 
tion type impurities and activation of the conduction type 
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impurities. 

[0068] By the* way. ih the case of individually placing 
each apparatus, it requires a working space for the 
workers in addition to \he net floor area foi- the space of 
placement of bach apfiaratus. bn.the contrary, this em- 
bodiment integrates tnose. apparatuses into a single 
system as described qbove, thereby. making it possible 
to reduce the working Spaces. It is therefore possible for 
the thus integrated plakma doping system to reduce the 
floor area necessary fpr the placement of the system, 
as compared with . thej case of individual placement of . 
each apparatus. ' " :> ' 

[0069] Although thej present invention has beien de- . 
scribed in detail based joh the embodiment thereof, it will 
be appreciated that th^ scope of presentinvention is not 
limited to the example] specifically shown .in the above 
embodiment but that ij covers all variants of the above 
embodiment insofar a$ it does not depart from the sprit 
of the present invent ioh: 

[0070] In the above! embodiment, for example, the 

present invention Has (Deen applied tothe plasma dop- 
ing. system obtained by integrating into a single system . 
the plasma doping part 103, the ashing chamber 104 for 
removing the resist filrin 51 and the annealing chamber 
.105 for activating the irjipurities introduced into the serh- 
iconductor substrate 1 (&0. but this, is in no way restrictive. 
The presisnt InviBntionj could be applied to the system 
consisting only of the^lasma doping part 103.. 
[0071] The plasma flbwpassage/shaping.chamber 16 
and the impurity introtluction chamber 19 have been 
provided vyith the partjtion walls having inner wall sur- 
faces protected by the jquartz made protection walls 16.a 
and i 9a,. but the protd|ctibn walls may be made of alu- 
minium or ceramics. • 

[0072] Although thej plasma doping system of the 
present invention has jemployed the helicon plasma as 
plasma source, use mely be made of ICP (Inductive Cou- 
pled Plasma), multi-sfbiral coil (MSC) ICR magnetron 
two-frequency plasm^, triode plasma, LEP (Lissajou 
electron Plasma), etclAII of the above are well known 
as the plasma sourceslfor etching systems, with the use 
of high-frequency electric power of the order of 1 to 20 
MHz. 

[0073] Furthernriore.lthe conduction type impurity gas 
inlets 18 have been pjrovided in the plasma flow pas- 
sage/shaping chambej- 1 6. but it may be provided in the 
plasma generation chamber 11. 
[0074] As set forth hereinabove, the plasma doping 



so 



system of the preserij 
high-frequency power 



; invention is provided with the 
source which supplies high-fre- 



quency electric power for generating the helicon plasma 
of the conduction tyjDe irnpurity containing gas and with 
.. the antennas for discharging the high-frequency electric 
power, whereby it is plossible to suppress an increase 
S5 .in dirhensions of the htgh-frequency power source and 
the antennas even in the event of enlarged wafer diam- 
eters: It is also possib e to suppress an increase in di- 
mensions of the magrietic field generation means pro- 
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yided in the plasma flow passage/shaping chamber act- 2. 
Ing as .the flow passage for the he icon plasma. 
[0075] As a result, the doping system using the heli- 
con plasrna of the preseht inventpn is able to reduce 
the floor area required for the pladement of the system * s 
as cbmpared with the doping, system using the ECR . 
plasma. ; . 3, 

[0076] By virtue of the juxtaposejd junction to a single 
transfer chamber of the plasma Irftroduction chamber, 
the mask removal chamber and th^ annealing chamber - 10 
of the plasma doping system, a single system is capable 
of performing a series, of process steps related to the * 
plasma doping such as introducticn pf <:6nduction typie 
impurities, the removal of the resist mask for the selec-, 
tive Introduction of the conduction type impurities, and" ts ' 4.* 
the activation of the conduction type impurities.. 
[0077] This achieves a reduction in the floor area re- 
quired for the placenient of the syst am as compared with 
the case of individual placement of each apparatus. 
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Claims 

;1. A plasma doping system com|)fis(ng: . 

a plasma generation ch^nriber (11) provided 
with a high-frequency pqwef sourbe (14) for 
supplying a high-frequencjy electric power and ! 6^ 
with antennas (1 2) for discjharging the high-tre- • 
quency electric power, said plasma generation 
chamber (11) seiving toi generate a helicon 
plasma of a gas containing conduction type Im-. 
purities which impart a conduction type to a 
semiconductor substrate. (|1 GO) and which vary 
the rissistivity of said semiconductor substrate 
(100). by use of the hi^-frequency electric . 
; power discharged from sajid antennas (12); 
' . an Impurity introduction clijamber (1 9) provided ' 
with a. substrate holding 'fixture (20) and for 
causing said helicon plasnjia of said conduction 
type impurity containing g as to come, into con- 
tact with said semiconductor substrate (1 00) to 
thereby iritroduce said conduction type impuri- 
ties into said semiconduc tor substrate (100); • 7. 
' and • . - . ' 

a plasma flow passage/shjaping chambei- (16) 
interposed between saidj plasma generation 
chamber (11) and.said ihripurity introduction 
chamber (19) and provlqing a flow passage 
. through which said hellcoh plasma flows from 
said plasma generation cfiamber (11) to said 
' Impurity Introduction chan[iber (19), said plas- 
ma flow passage/shaping|chamber.(16) being 
provided with magnetic field generation means 
(17) for generating a madneltic field to restrict 
the extent of said heliqon plasma flowing 
through said flow passage. 
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A plasma doping system according to claim 1. 
wherein either said, plasma generation chamber 
(11) or said impurity introduction chamber (19) is 
provided with inlets (18) for said conduction type im- 
purity containing gas. 

A plasma doping, system according to claim 1, 
wherein said substrate holding fixture (20) is con- 
nected to a DC power. source (62) or an AG power 
source (26) which supplies an electric povyer for ap- 
plying a bias voltage to said semiconductor sub- 
strate (100). retained by said substrate holding fix- 
ture. 

A plasma doping system accordirig to claim 1,. fur- 
ther comprising, temperature regulation means 
(42,45) for cooiing said semiconductor substrate 
(100) retained by said substrate holding fixture (20) . 
or for heating the same. 

A plasma doping system according to claim 1 ,:fur- 
ther comprising rotationally driving means for rotat- 
ing said substrate holding fixture. (20) around a ro- 
tational axis substantially orthogonal to the surface 
\ of said substrate holding fixture (20) retaining said • 
semiconductor substrate (100). 

A plasnia doping system according to claim 1 . fur- 
ther comprising a mask removal chamber (104) for 
removing a mask which Is formed, on a surface of 
said. semiconductor substrate (100) and which al- 
lows a selective introduction of said conduction type 
. impurities into said serriiconductor substrate (100), 
an annealing chamber (1 05) for raising the temper- 
ature of said semiconductor substrate (100) to 
thereby act iyate . said conduction type impurities 
which are present within said semiconductor sub- 
strate.(1.06), and a transfer chamber (1 01 ), wherein 
said irinpurity introduction charnber (19). said mask 
removal chamber (104) and said annealing, cham- 
ber (105) are joined separately to said transfer 
chamber (101) in a juxtaposed manner, 

A plasma doping method for introducing said con- 
duction type Impurities into , said semiconductor 
substrate (100) by use of a plasma doping system 
according to claim 1, said method comprising the 
steps of : . 

leading said conduction type impurity contain r 
ing gas into said plasma generation chamber 

01); 

discharging said high-frequency electric power 
from said antennas (12) to thereby generate a 
: helicon plasma of said gas containing said con- 
duction type impurities; 

leading said helicon plasma through said plas- 
ma flow passage/shaping chamber (16) into 
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. said impurity introduction chamber (19) under 
the presence of a magnetic field generated by 
said magnetic field generation means (17); and 
causing said helicon plasma to come into con-, 
tact with said semiconductor isubstrate (100) in 
said impurity introducttoh chamber (19) to 
thereby introduce said impurities into said sem- 
iconductor substrate (100). 

8- A plasma doping method for selectively introducing 

said conduction type impurities into sajd semicori- 
ductor substrate. (100) having a formed thereon 
photosensitive etchingrproof mask by use of said 
plasma doping system according to claim 6. said 
method comprising the steps of: 



AC power is applied to said semiconductor sub- 
strate (100) so as to generate a bias voltage in saiid 
substrate (100) arjid then said conduction type ini- 
purities are introdtjced into said semiconductor sub- 
strate (100) by us^ of the resultant potential differ- 
ence occurring between said semiconductor sub- 
strate (100) and said helicon plasma. 

.10. A plasma doping rhethdd according to claim 7 or 8, 
10 wherein said serjniconductor substrate (100) is 
cooled or heated if pon the introduction of . said con- " 
duction type Impurities into said senniconductor 
substrate (100). 



conveying said semiconductor substrate (100) 
into a load-lock chamber (102) to thereafter 
convey the same through said transfer cham- 
. ber (101) into said impurity introduction cham- 20 . 

. . ber (19); 

leading said conduction type impurity contain- 
ing gas into said plasma generation chamber 

(11);' 

discharging said high-frequency electric power 25 
■ from said antennas (1 2) to thereby generate a 
helicon plasma of said conduction type impurity 
containing gas; 

leading said hellcpn plasma through said plas- 
ma flow passage/shaping chamber (16) into 30 
said impurity introduction chamber (19) under 
the presence of a magnetic field generated by 
said magnetic field generation means (17); 
causing said helicon plasma to come. into con- 
tact with said semiconductor substrate (i 00) to 3S 
thereby selectively Introduce said impurities in- 
.to said semiconductor substrate (100) in. con- 
formity with said photosensitive etching-proof 
mask; 

conveying said semiconductor substrate (100) 
* from said impurity, introduction chamber (19) 
through said transfer chamber (101) into said 
mask removal chamber (104), to thereat re- 
move said photosensitive etching-proof mask 
lying on said semiconductor substrate (100); "^s, 
and • 

conveying said semiconductor substrate (100) 
from said mask removal chamber (1 04) through 
said transfer chamber (101) into said annealing 
chamber (105), to thereat heat said semicon- so 
ductbr substrate (1 00) to activate said conduc- 
tion type impurities introduced into said sem.l- 
conductor substrate (100). 

9. A plasma doping method according to claim 7 or 8. S5 
wherein electrical conductivity is possessed by par- 
tition walls for separating said impurity introduction 
chamber (19) from the exterior, while.DC power or 
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